I n presenting you the result of the following experiments, I trust I shall not be considered as deviating from my subject, in taking a cursory view of the labours of others. The knowledge of the properties of bodies which come more immediately under our observation, is so instrumental to'the progress of science, that any approximation to it deserves our serious attention. The passage over a deep and rapid river, the construction of a great and noble edifice, or the combina tion of a more complicated piece of mechanism, are arts so peculiarly subservient to the application of these principles, that we cannot be said to proceed with safety and certainty, until we have assigned their just limits. The vague results, on which the more refined calculations of many of the most eminent writers are founded, have given rise to such a multi plicity of contradictory conclusions, that it is difficult to choose, or distinguish, the real from that which is merely specious. The connections are frequently so distant, that little reliance can be placed on them. The Royal Society appears to have instituted, at an early period, some experi ments on this subject, but they have recorded little to aid us. E m e r s o n , in his Mechanics, has laid down a number of rules, and approximations. Professor R o b is o n in his excellent treatise in the Encyclopaedia Britannica; B a n k s on the power of machines ; Dr. A n d e r s o n of Glasgow ; Colonel B e a u f o y , &c. are those, amongst our countrymen, who have given the result of their experiments on wood, and iron. The subject, however, appears to have excited considerable attention on the continent. A theory was published in the year 1638, by G a l il e o , on the resistance of solids, and subsequently, by many other philosophers. But however plausible these inves tigations appeared, they were more theoretical than practical, as will be seen in the sequel. It is only by deriving a theory from careful and well directed experiments, that practical results can be obtained. It would be useless to enumerate the labours of those philosophers, who in following, or vary ing from the steps of G a l il e o , have merely tended to obscure a subject respecting which they had no data to proceed upon. It is sufficient to enumerate the names of those who, in con junction with our own countrymen, have added their labours to the little knowledge we possess. The experiments of B u f f o n , recorded in the Annals of the Academy of Sciences at Paris, in the years 1740 and 1741, were on a scale suffici ently large to justify every conclusion, had he not omitted to ascertain the direct and absolute strength of the timber em ployed. It however appeared from his experiments, that the strength of the ligneous fibre is nearly in proportion to the specific gravity. M u s c h e n b r o e c k , whose accuracy (it is said) entitled him to confidence, made a number of experiments on wood and iron, which by being tried on various specimens of the same materials, afforded a mean result considerably higher than other previous authorities. Experiments have also been made by M a r io t t e , V a r i g n o n , P e r r o n e t , R a m u s , R o n d e l e t , G a u t h e y , N a v i e r , A u b r y and T e x i e r d e N o rb e c k , as also at the Ecole Polytechnique, under the direction of M. P r o n y . With such authorities before us, it'might be deemed presumption in me, to offer you a communication on a subject which had been previously treated of by so many able men. But whoever has had occasion to investigate the principles upon which any edifice is constructed, where the combination of its parts are more the result of uncertain rules than sound principle, will soon find how scanty is our know ledge on a subject so highly important. The desire of obtaining some approximation, which could only be accom plished by repeated trials on the substances themselves, in duced me to undertake the following experiments; for which purpose I ordered an apparatus to be prepared, of which the two annexed plates [Plates VI. and VII.3 are representations.
Description of the Apparatus.
A bar of the best English iron, about 10 feet long, was selected and formed into a lever (whose fulcrum is denoted b y /) . The hole was accurately bored, and the pin turned, which suffered it to move freely. The standard (A ) was firmly secured by the nut (r) to a strong bed plate of cast iron, made firm to the ground. The lever was accurately divided in its lower edge, which was made straight in a line with the fulcrum. A point, or division (D ), wras selected, at 5 inches from the fulcrum, at which place was let in a piece of hardened steel. The lever was balanced by the balance weight (E ), and in this state it was ready for operation. But in order to keep it as level as possible, a hole was drilled on the strength of . 121 through a projection on the bed plate, large enough to admit a stout bolt easily through it, which again was prevented from turning in the hole by means of a tongue ( ) fitting into a corresponding groove in the hole. So that, in order to pre serve the level, we had only to move the nut to elevate, or depress the bolt, according to the size of the specimen. But as an inequality of pressure would still arise from the nature of the apparatus, the body to be examined was placed between two pieces of steel, the pressure being communicated thro igh the medium of two pieces of thick leather above, and below the steel pieces, by which means a more equal contact of surfaces was attained. The scale was hung on a loop of iron, touching the lever in an edge only. I at first used a rope for the balance weight, which indicated a friction of four pounds, but a chain diminished the friction one half. Every moveable centre was well oiled. Of the resistances opposed to the simple strains which may disturb the quiescent state of a body, the principal are the repulsive force, whereby it resists compression, and the force of cohesion, whereby it resists extension. On the former, with the exception of the experiments of G a u t h e y and R o n d e l e t , on stones, and a few others, on soft substances, there is scarcely any thing on record. In the memoir of M. L a g r a n g e , on the force of springs, published in the year 1760, the moment of elasticity is represented by a constant quantity, without indicating the relation of this value to the size of the spring: but, in the memoir of the year 1770, on the forms of columns, where he considers a body whose dimensions and thickness are variable, he makes the moment of elasticity proportional to Experiments on cast iron in cubes inchi &c.
Iron taken from the block whose specific gravity was 7,033.
Averages.
f*x* --lbs. avoirdupoise.
On specimens of different lengths. Specific gravity of iron 6,977. The anomaly between the three first experiments on -J cubes, and the two second of a different length, can only be accounted for, on the difficulty of reducing such small speci mens to an equality. The experiments on inch prisms of different lengths give no ratio. The experiments on £ inch cubes, taking an average of the three first in each, give a proportion between them and the three on - §-cubes, as 1: 6.096 in the block castings as 1: 7.352 in the horizontal ditto as 1: 8.035 in the vertical ditto in several cases the proportion is as the cubes.
The vertical cube castings are stronger than the horizontal cube castings. 
Mr. Rennie's account of experiments
The prisms usually assumed a curve similar to a curve of the third order, previous to breaking.
The experiments on the different metals, give no satisfac tory results. The difficulty consists in assigning a value to the different degrees of diminution. When compressed be yond a certain thickness, the resistance becomes enormous.
Experiments on the suspension of bars.
The lever was used as in the former case, but the metals were held by nippers, as indicated in the drawing No. 2. They were made of wrought iron, and their ends adapted to receive the bars, which, by being tapered at both extremities, and increasing in diameter from the actual section (if I may so express it), and the jaws of the nippers being confined by a hoop, confined both. The bars, which were six inches long, and J square, were thus fairly and firmly grasped. 
Remarks on the last experiments.
The ratio of the repulsion of the horizontal cast cubes to the cohesion of horizontal cast bars, is 8.65 : 1.
The ratio of the vertical cast cubes to the cohesion of the vertical cast bars, is as 9.14 : 1.
The average of the bars, compared with the cube, No. 1 6, is as 10.611 : 1.
The other metals decrease in strength, from cast steel to cast lead.
The stretching of all the wrought bars indicated heat. The fracture of the cast bars was attended with very little diminution of section, scarcely sensible.
The experiment made by M. P r o n y , (which asserts, that by making a slight incision with the file, the resistance is diminished one half) was tried on a ^ inch bar of English iron ; the result was 292olbs., not a sixth part less.
This single experiment, however, does not sufficiently disprove the authority of that able philosopher, for an incision is but a vague term. The incision I made might be about the 40th part of an inch.
Experiments on the twist of J inch bars.
To effect the operation of twisting off a bar, another appa ratus was prepared : it consisted of a wrought iron lever two feet long, having an arched head about i of a circle, of 4 feet diameter, of which the lever represented the radius, the centre round which it moved had a square hole made to receive the end of the bar to be twisted. The lever was balanced as before, and a scale hung on the arched head; the other end of the bar being fixed in a square hole in a piece of iron, and that again in a vice. The undermentioned weights represent the quantity of weight put into the scale.
May goth, 1817.
On twists close to the bearing, cast horizontal. 
Horizontal twists at 6 from the bearing. 80 ^ by 6 inches long --10 9 81 ~ by do. do.
---9 4 82 ~ by do. do.
-9 7
Twists of \ inch square bars, cast horizontally.
qrs. lbs. oz.
83 ~ close to the bearing 3 9 1 2 end of the bar hard. 84 - § do.
--2 18 o middle of the bar. 85 j at 10 inches from bearing,! lever in the middle J Ô n twists of different .
These experiments were made close to the bearing, and the weights were accumulated in the scale until the sub stances were wrenched asunder. Remarks. Here the strength of the vertical bars still predominates. The average of the two taken conjointly, and compared with a similar case of ■ § ■ inch bars, gives the ratio as the cubes, as was anticipated.
In the horizontal castings of different lengths, the balance is in favour of the increased lengths ; but in the vertical cast ings, it is the reverse. In neither is there any apparent ratio. In the horizontal castings at 6 inches from the bearing, there is a visible increase, but not so great as when close to the bearing. In the following experiments on stones, the pressure was communicated through a kind of pyramid, the base of which rested on the hide leather, and that, on the stone. The lever pressed upon the apex of the pyramid. Cubes of one and a half inch. Experiments on the transverse strain of , one end made , the weight being suspended at the , at 2 /<?<*£ 8 inches from the bearing.
June
155 An inch square bar bore --280 156 A bar 2 inches deep, by \ an inch thick -539 257 A n inch bar, the ends made fast --1173
The paradoxical experiment of E m e r s o n was tried, which states that by cutting off' a portion of an equilateral triangle (see page 114 of E m e r s o n ' s Mechanics) the bar is stronger than before, that is, a part stronger than the whole. The ends were loose at 2 feet 8 inches apart as before. The edge from which the part was intercepted, was lowermost, the weight was applied on the base above, it broke with 1129 lbs., whereas, in the other case it bore only 84olbs.
Remarks on the transverse strain.
B a n k s makes his bar from the cupola, when placed on bearings 3 feet asunder, and the ends loose, to bear 8(>4lbs Now all my bars were cast from the cupola, the difference was therefore -33^s. I adopted a space of 2 feet 8 inches asunder, as being more convenient for my apparatus. The strength of the different bars, all cases being the same, approaches nearly to the on the strength materials.
*35
theory, which makes the comparative values as the breadths multiplied into the squares of the depths. The halves of the bars were tried, merely to keep up the analogy. The bar of 4 inches deep, however, falls short of theory by 365 lbs. It is evident we cannot extend the system of deepening the bar much farther, nor does the theory exactly maintain in the case of the equilateral triangle by 243lbs. The diagonal position of the square bar, is actually worse than when laid on its side, contrary to many assertions.
The same quantity of metal in the feather edged bar, was \ not so strong as in the 4 inch bar. The semi-elliptical bar, exceeded the 4 inch bar, although taken out of it. The parabolic bar came near it.
The bar made fast at both ends, I suspect must have yielded, although the ends were made fast by iron straps. The experiments from E merson, on solids of different forms might be made; but the time and trouble these experiments have already cost, have compelled me to relinquish far ther pursuits for the present. If, however, in the absence of better, they are worthy of the indulgence of the Royal Society, it will not only be a consolation to me that my labours merit their attention, but a farther inducement to prosecute the investigation of useful facts, which, even in the present ad vanced state of knowledge, will yet admit of addition.
I am, with much respect, GEORGE RENNIE.
Since my return to England, I find that a set of experi ments have been undertaken by Mr. Peter Barlow, of thfe Royal Military Academy. T hey are very interesting, but contain no experiments on the repulsive power of bodies, and consequently, my communication is not altogether super seded, although a space of seven months has elapsed since this was written.
G. R. 
